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In vector-host-pathogen interactions, vector saliva plays a key role in the successful acquisition of
blood and in facilitating the establishment of pathogens in mammalian hosts. In this issue of Cell
Host & Microbe, Narasimhan et al. describe how a tick salivary antioxidant neutralizes reactive
oxygen species at the tick-host interface and facilitates the tick vector’s acquisition of Borrelia
burgdorferi bacteria from an infected mammalian host.Ticks are remarkably stealthy animals.
The black-legged tick, Ixodes scapula-
ris, the vector of Lyme disease in the
United States, is able to passively cling
to an unsuspecting host, crawl on the
skin, insert its barbed mouthparts and
then create a small pool of blood from
which it siphons its meal over a period
of 5 to 7 days. Amazingly, this all occurs
unbeknownst to the host. To thwart rec-
ognitionby thehost, the tickdeposits an
arsenal of pharmacologically active sal-
ivary components into the attachment
site. These molecules include vasodila-
tors, anticoagulants, antiplatelets, anti-
complements,and immunosuppressors
that together facilitate blood feeding
(Ribeiro and Francischetti, 2003; An-
guita et al., 2002; Kotsyfakis et al.,
2006). Due to their potent and localized
biological activities, tick salivary gland
components also modify the bite site
allowing vector-delivered pathogens
to establish a successful infection in
the mammalian host (Ramamoorthi
et al., 2005; Ribeiro and Francischetti,
2003; Titus et al., 2006).
Traditionally, research concerning
vector borne diseases, such as Lyme
disease, has focusedon themovement
of pathogens from the tick to the recip-
ient host (Figure 1A) (Titus et al., 2006).
Very little information exists, however,
of the process in the opposite direction
(Figure 1B)—howapathogen traverses
the hostile environment created by
the struggle between the tick and the
immune response of the host at the
tick-host interface. In this issue of CellHost & Microbe, Narasimhan et al.
examine this critical step in the trans-
mission cycle of the spirochete B.
burgdorferi and demonstrate through
a series of elegant experiments that a
tick salivary antioxidant protein facili-
tates the acquisition of spirochetes
by the vector from an infected mam-
malian host (Narasimhan et al., 2007).
The molecule involved in this process,
Salp25D, is a protein homologous to
peroxiredoxins, a large family of thiore-
doxin-dependent peroxidases present
in a variety of organisms including
bacteria, plants, and mammals and in-
volved in the enzymatic degradation of
hydrogen peroxide, lipid hydroperox-
ides, and peroxynitrite (Georgiou and
Masip, 2003). Salp25D is expressed
in the salivary glands and, based on
antibody recognition, appears to be
expressed in the gut of the tick. Si-
lencing of salivary Salp25D expression
dramatically decreased the acquisition
of Borrelia by ticks feeding on infected
mice. Salp25D was previously shown
to have antioxidant activity (Das et al.,
2001), and, in the current work, the
authors further demonstrated that
Salp25D can successfully quench
oxygen radicals producedby activated
neutrophils thus protecting Borrelia
from oxidative stress in vitro. Interest-
ingly, silencing of salivary Salp25D
expression did not affect the trans-
mission of spirochetes from infected
ticks to the mammalian host. Further-
more, antibodies against Salp25D
prevented ticks from acquiringBorreliaCell Host & Mifrom vaccinated infected mice. While
additional in vivo studies need to be
pursued, the presence of an active an-
tioxidant in the saliva provides an ex-
planation for the ability of extracellular
bacteria to survive the toxic products
generated by neutrophil activation
stimulated by the feeding tick.
An interesting finding of this study
was that silencing of gut Salp25D
expression did not affect the ability of
the tick to acquire Borrelia from an
infected mouse while silencing of sali-
vary Salp25Dexpression did. This sug-
gests that the role of Salp25D is more
important at the host-tick interface
than in the gut of the tick. One cannot,
however, rule out the possibility that
salivary Salp25D also plays a key role
in the gut of the vector. Because ticks
continuously salivate during blood
meal acquisition, they can ingest their
own saliva along with host blood and
the pathogen. Heme degradation and
production of oxygen radicals will oc-
cur during blood meal digestion in the
tick gut, presenting a problem for the
acquired spirochete. Therefore, sali-
vary Salp25D could protect Borrelia in
the tick gut as well as in the host skin.
Recent reports indicate that oxidative
stress in the gut of tsetse flies affects
trypanosome development, and addi-
tion of antioxidants to the blood meal
can protect these parasites against
oxygen radicals in the gut of the vector
(MacLeod et al., 2007), illustrating the
importance of antioxidants for patho-
gen survival in the vector gut. Althoughcrobe 2, July 2007 ª2007 Elsevier Inc. 3
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(A) Within an infected tick, spirochetes expressing OspA bind to the gut wall using a tick expressed protein (TROSPA) (Pal et al., 2004). As the blood
meal begins, the spirochetes switch their protein coat to express OspC and begin to move from the gut to the salivary glands where a salivary gland
protein, Salp15, binds to the spirochetes to protect them from antibody mediated killing by the host (Ramamoorthi et al., 2005). The spirochetes are
deposited into the host along with various salivary molecules which can inhibit T cells (Salp15), complement (ISAC), macrophages, neutrophils and B
cell activities as well as inhibitors of cytokines and chemokines and help Borrelia to infect and disseminate in the mammalian host (activities not yet
associated with a particular salivary component are indicated by a ‘‘?’’) (Titus et al., 2006).
(B) Migration of Borrelia from the mammalian host into the tick is less understood but it now appears that Salp25D neutralizes the effect of reactive
oxygen species (ROS) produced by activated neutrophils, thus clearing the path for Borrelia to be taken up with the blood meal by the tick. The role of
this or other antioxidants in the tick gut is not known. To simplify Figure 1B, salivary activities present in Figure 1A were omitted in Figure 1B, with the
understanding that these molecules are injected together with Salp25D during tick feeding. Arrows indicates movement of Borrelia, either into (up
arrow) or out of (down arrows) the tick.Narasimhan et al. did not observe a
correlation between gut Salp25D and
protection of Borrelia, this should be
an area for further study.
In contrast to other vector arthro-
pods, ticks must remain attached to
the host for an extended period of time
to complete a blood meal; therefore, it
is not surprising that the number and di-
versity of salivary transcripts is much
larger in this group of arthropods as
compared to other disease vectors as
shown by recent advances in tick
salivary gland genomics (Das et al.,
2001; Ribeiro et al., 2006). Various tick
salivary activities that affect the host
immune system and potentially affect
pathogen transmissionhavebeenchar-
acterized (Figure 1) including B cell, T
cell, and NK cell inhibitors; inhibitors of
macrophage and neutrophil function;
cytokine and chemokine modulators;
and cystatins (reviewed by Titus et al.,
2006; Anguita et al., 2002; Kotsyfakis
et al., 2006) However, the identity of
the molecules responsible for the ma-
jority of these activities remains un-
known. Tick salivary gland genomics
combined with functional approaches4 Cell Host & Microbe 2, July 2007 ª200(such as targeted RNA silencing, heter-
ologous expression of active recombi-
nant proteins, and biological assays)
are helping to identify the salivarymole-
cules involved inblood feedingandhost
immunosuppression and themolecules
exploited by the pathogens to facilitate
establishment in thehostand in thevec-
tor (Figure 1). The present work by Nar-
asimhanetal. represents thefirstexam-
ple of a tick salivary protein that can
helpBorrelia survive thehostile environ-
ment of the skin and migrate from the
mammalian host to the vector. This
datahelps tofill in thegaps inour under-
standing of the vector molecules par-
ticipating in the transmission of patho-
gens. Furthermore, this work
highlights the critical role of vector sali-
vary proteins in vector borne diseases
and further supports the potential use
of vector proteins as targets to control
diseases transmitted by arthropods.
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